We propose a kinetics model including extension and anisotropic movement between entangled or branched chains and develop constitutive equations containing the Larson model and the Giesekus model through non-linear parameters. In order to make clear the characteristics of the developed constitutive equations, we examined the predictions of using non-linear parameters and a non-linear stress relaxation modulus. We found that the proposed model shows better predictions of the nonlinear stress relaxation after a double-step shear strain than those of the Larson and the Giesekus models. Furthermore, we found that the proposed model is able to predict the biaxial elongational viscosity and the first planar elongational viscosity comparatively well by fitting the uniaxial elongational viscosity curve.
Illustration of the modeled polymer chain between entanglement or branched points before and after deformations.
(A) Linear polymer chain system, (B) Branched polymer chain system. After deformations, the chain of the entanglement parts is oriented and is partially retracted back. The effects by the orientation of the surrounding chains on the segments motions in a blob are modeled by the configuration dependent mobility. Illustration of the double-step strain deformations. The second step strain Tz is applied at zero time and the direction of the first strain Ti is the positive direction. tt is the time interval between the first and second step strains. 
